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The spectrum of four-times-ionized krypton, Krv, has been observed in the vuv region using a 8-
pinch as a light source. The 4s4p -4p transition array has been observed in this ion. This transition has
not previously been observed in the Ge I isoelectronic sequence. Thirteen lines were classified that be-
long to this transition array. All levels of the 4p configuration were determined. The identifications are
supported by relativistic Hartree-Fock calculations.
PACS number(s): 31.20.Di, 32.30.Jc, 32.70.Jz, 52.25.Qt
INTRODUCTION AND EXPERIMENT
Four-times-ionized krypton, Kr v, belongs to the Ge I
isoelectronic sequence. The spectra of the first, second,
third, and fourth elements in this sequence have been ex-
tensively investigated and the results are published in
Refs. [1—3]. The first reports on Krv were made by
Fawcett, Jones, and Wilson [4] and Schonheit [5]. Both
publications presented a list of Krv transitions without
classification. Irwin et al. [6] and Livingston [7], using
the beam-foil technique, have classified a few lines of
Krv. Fawcett and Bromage [8], using a g pinch, have
classified 26 transitions in Krv. More recently, Tri-
gueiros and co-workers [9,10] made a detailed study of
the 4s 4p, 4s4p 3, and 4s 4p4d configurations in Kr v us-
ing a t9 pinch as a light source. Using low-inductance
vacuum sparks and sliding sparks as well as laser-
produced plasmas, Litzen and Reader [11,12] have stud-
ied the spectra of the ions Rb vI —Mo XI in this sequence.
The present work concerns the study of the 4p
configuration, obtained when two s electrons are excited
from the ground-state configuration. The radiative decay
of one p electron from the 4p configuration to the first
excited configuration 4s4p has been observed for the
first time in Krv. Thirteen new lines were classified as
belonging to the 4s4p -4p transition array and all five
levels in the 4p configuration were determined.
The observations were made at the Lund Institute of
Technology with a 0-pinch discharge. The discharge cir-
cuit contains a total capacitance of 7.7 pF and total in-
ductance of 76 nH. The period of damped oscillation was
4. 8 ps. The maximum current at 10-kV discharge volt-
age was about 100 kA. The repetition rate of the
discharge is about 15 per minute at a capacitor bank volt-
age of 10 kV. More details of the experiment can be
found in Ref. [13].
The spectra were recorded with a 3-m normal in-
cidence spectrograph equipped with a 1200-lines/mm
grating blazed for 1380 A. The plate factor in the first
diffraction order is 2.77 A/mm. The spectra were record-
ed on Kokak SWR emulsion plates and lines from
Kriss —KrIv were used as reference lines in addition to
impurity lines of SiII, NI, NIT, CI, CII, and OI, with
wavelengths as recommended by Kaufman and Edlen
[14]. The plates were measured with a semiautomatic
comparator with a photoelectric setting device; see Ref.
[15]. For sharp lines the settings are reproducible to
within +0.5 pm. Third-order interpolation formulas, to-
gether with correction curves, were employed to reduce
the comparator settings to wavelength values. The accu-
racy of the wavelength values is estimated to be +0.01 A.
To distinguish between different stages of ionization, a
number of experimental parameters, i.e., gas pressure
discharge voltage and number of discharges, were varied.
A well-developed Krv spectrum was obtained with the
following parameters: 5 mtorr, 9 kV, and 400 discharges.
ANALYSIS
The line identifications were guided by theoretical pre-
dictions of the energy-level structure and line strengths
obtained from Cowan's computer code [16]. The even
4p configuration is mainly affected by the 4s 4p
ground-state configuration through the s -p interaction
and by the 4s4p 4d configuration through the p -sd in-
teraction. There is an overlapping of the 4p and
4s4p 4d configurations. To find the 4s4p configuration
it was necessary to study the transition array
4s 4p -4s4p [9,10]. The corresponding interactions per-
turbing 4s4p are p -sd from 4s 4p4d and sp-pd from
4p 4d. There is interaction between the latter two
(4s 4p4d and 4p 4d) configurations. A calculation with
all the configurations cited above was made with Cowan's
[16] code using Hartree-Plus-statistical-exchange relativ-
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TABLE I. Classified lines in the 4s4p -4p transition array in Kr v.
Intensity
and shape'
2
9
6
m KrVI
1 Ul
10
6
10
5
10 ul
5
4
3
10
m OII
Wavelength
(A)
480.13
526.57
530.04
547.69
548.08
587.73
595.72
605.37
606.74
615.27
644.95
728.80
749.76
O obs
(cm ')
208 276.9
189980.3
188 665.1
183 820
182 585.0
182 455.1
170 146.2
167 864.1
165 188.2
164 815.2
162 530.3
155 050.8
137211.9
133 376.0
125 522
~obs ~caic
(cm ')
—3.8
1.0
5.6
1.1
0.7
—5.1
—3.5
—0.8
0.1
5.9
1.6
—0.2
0.4
—0.2
—1.7
Transition
4s 4p P1 —4p 'So
4s4p D2 —4p P
4s4p D1 —4p "P2
4s 4p P2 —4p 'D2
4s4p D3 —4p P2
4s 4p P1 —4p P1
4s 4p 'D2 —4p 'D2
4s 4P P2 —4P P2
4s 4p 'P1 —4p 'So
4s4p D2 —4p P
4s 4p 'P1 —4p 'D2
4s 4p S1—4p P1
4$4p P —4p P
'The intensities of the lines are visual estimates of plate blackening. Abbreviations for line characteris-
tics: m = masked (by); ul = unsymmetrical, shaded to longer wavelengths.
TABLE II. Energy levels of the 4p configuration of Kr v. Percentages lower than 3% are omitted.
The average LS purity of the 4p configuration is 50%.
Designation
4p P2
4p P1
4p Po
4p4 1D2
4p4'S,
Energy
(cm ')
313479.1
318440.7
319567.4
331 254.6
356 571.8
Uncertainty
(cm ')
2.8
1.9
3.1
1.9
3.0
Composition
(%)
48, 44 [4s4p'('P)4d P], 3 (4p 'D)
48, 46 [4s4p ('P)4d 'P]
48, 47 [4s4p ('P)4d 'P], 3 [4s4p ('D)4d 'P]
61, 29 [4s4p ('D)4d 'D], 4 [4s4p'('S)4d 'D]
56, 36 [4s4p'('D)4d 'S], 4 [4s4p ('P)4d 'P]
TABLE III. Energy parameters for the 4s 4p, 4p, and 4s4p 4d configurations of Kr v. The rms deviation of the fit is 34 cm
for 10 observed levels.
Configuration
4s 4p
4p4
4s4p 4d
Parameters
E,„
F (4p, 4p)
4p
E,„
F'(4p, 4p)
4p
E,„
F (4p, 4p)
F (4p 4p)
G '(4, 4p)
G (4,4d)
G (4p, 4d)
G (4p, 4d)
4d
HXR value
(cm ')
25 063
65 011
5 297
322086
65 558
5 433
347 433
58 806 (fixed)
52817 (fixed)
88 356 (fixed)
44456 (fixed)
64 299 (fixed)
39 742 (fixed)
5 508 (fixed)
374 (fixed)
Fitted value
(cm ')
21 517+18
51 179+92
5 015+28
344 312+29
49 597+93
4 623+28
396 534+34
Ratio of fitted
value to
HXR value
0.86
0.79
0.95
1.07
0.76
0.85
1.14
4s 4p -4p
4s4p -4s4p 4d
4s 4p -4s4p 4d
4p -4s4p 4d
Z '(4s4s, 4p4p)
R '(4s4p, 4s4p)
R '(4s4p, 4p4d)
Z '(4p4p, 4s4d)
Configuration-interaction integrals
87 927
73 518 (fixed)
53 997 (fixed)
73 228
77 927 (fixed)
60228 (fixed)
0.89
0.82
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istic (HXR) wave functions. The transition wavelengths
and line strengths were used for preliminary
identifications of the lines of the 4s4p -4p array. The re-
current wave-number intervals confirmed the line
identifications. Table I shows the classified lines in the
4s4p -4p transition array. There are 13 new lines. The
intensities of the lines in the table are visual estimates of
plate blackening. Optimization of the energy level values
was done from the observed wavelengths by an iterative
procedure [17,18] in which the individual wavelengths
are weighted according to their uncertainties. Table II
shows the five energy levels of the 4p configuration with
the uncertainty for each level. Table III lists the energy
parameters for the 4s 4p, 4p, and 4s4p 4d
configurations. The interpretation of the configuration
level structures was made by a least-squares fit of the en-
ergy parameters to the observed levels. The standard de-
viation of the fit of the energy levels is 34 cm ' for ten
observed levels, five of them belonging to the new
configuration 4p and five to the 4s 4p ground-state
configuration.
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